Background and aims: High serum concentrations of infliximab [IFX] and adalimumab [ADA] may be associated with adverse effects in patients with inflammatory bowel disease [IBD]. We aimed to investigate whether high anti-tumour necrosis factor [TNF] trough levels [TLs] were associated with toxicity and impaired quality of life [QoL]. Methods: We conducted a prospective cohort study in IBD patients in clinical and biochemical remission on IFX or ADA maintenance therapy. Trough serum concentrations and antidrug antibodies were measured in addition to biochemical markers of inflammation in serum and stool to confirm quiescent disease. QoL was assessed using the Inflammatory Bowel Disease Questionnaire and 36-item short form]. Side effects such as fatigue and arthralgia were measured with a visual analogue score [VAS]. Skin toxicity was reported with a European Organization for Research and Treatment of Cancer-derived score. Results: In all, 252 IBD patients on maintenance anti-TNF therapy were screened, of whom 95 [73 with Crohn's disease, 22 with ulcerative colitis; 72 on IFX, 23 on ADA] were in clinical and biochemical remission and were included. Median TLs were 5.5 µg/ml and 6.6 µg/ml for IFX and ADA, respectively. Patients with anti-TNF TLs above median had lower IBDQ scores than patients with lower TLs [IBDQ 176 vs 187, p = 0.02], particularly regarding systemic symptoms and emotional status. A trend towards lower SF-36 and higher fatigue scores was observed in the higher anti-TNF TL group. Skin and arthralgia scores were not significantly different between the groups. Conclusions: IBD patients with higher anti-TNF serum concentrations had significantly lower disease-specific QoL. Fatigue, arthralgia, and skin lesions do not occur more often in these patients. These data are reassuring that high serum concentrations of anti-TNF antibodies are not toxic.
Introduction
The introduction of anti-tumour necrosis factor [TNF] agents, such as infliximab [IFX] and adalimumab [ADA] , has led to major progress in the treatment of inflammatory bowel disease [IBD] . IFX and ADA are effective to induce and maintain remission in patients with Crohn's disease [CD] and ulcerative colitis [UC] . 1, 2, 3, 4 Detectable IFX or ADA trough levels [TLs] are associated with higher rates of sustained clinical and biochemical remission and improved endoscopic outcomes. 5, 6, 7 Moreover, IFX TL > 3 µg/ml at the start of maintenance treatment has been predictive for sustained response to IFX, and patients receiving maintenance treatment with ADA were less like likely to discontinue therapy if TLs were higher than 5.6 µg/ml at week 12. 7, 8, 9 Recently, a prospective trial compared therapeutic drug monitoring [TDM]-based IFX dosing with conventional dosing in IBD patients, suggesting a therapeutic window for IFX TLs between 3 and 7 µg/ml. 10 Chronic use of anti-TNF agents has been associated with a range of side effects, such as dermatological manifestations, arthralgia, infusion or injection side reactions, infections, or malignancies. 11 A proportion of patients with IBD or rheumatoid arthritis receiving treatment with anti-TNF agents experience paradoxical inflammatory, mainly psoriatiform or eczema-like, skin lesions. 12, 13, 14, 15 The aetiological mechanism which is responsible for this phenomenon has not been completely clarified. It is hypothesised that, in predisposed individuals, TNF inhibition can cause a cytokine unbalance, resulting in local upregulation of plasmacytoid dendritic cells that unrestrictedly produce interferon-α, and abundance of IL-23, thereby inducing the onset of psoriatic skin lesions. 16, 17 Topical therapy with corticosteroids resolves these symptoms in some patients, whereas other patients are forced to discontinue the anti-TNF treatment, but can effectively switch to an alternative anti-TNF agent. 18, 19, 20 Typically, these symptoms subside after discontinuation of the drug. 21 Furthermore, arthralgia has been associated with maintenance treatment with anti-TNF agents in IBD patients with quiescent disease. Elevated antinuclear antibodies [ANA] and anti-dsDNA levels are detectable in these patients. 22 Similarly, paradoxical polyarthritis flares have been observed in rheumatoid arthritis patients treated with IFX maintenance therapy. A dose increase of IFX resulted in further deterioration of arthritis complaints in these patients. 23 Clinical observations suggest that higher TLs, eg above the arbitrary level of 7 µg/ml for IFX, may be associated with side effects. Distinguishing these potential drug-related side effects from extraintestinal manifestations can be challenging, since skin lesion and arthritis can also occur as an extra-intestinal manifestation in IBD patients. 24, 25 Sparse data exist about the possible correlation between high anti-TNF TLs and suspected anti-TNF side effects. Therefore, we aimed to investigate anti-TNF TLs, quality of life and side effects in IBD patients who are in clinical and biochemical remission receiving maintenance therapy with IFX or ADA.
Methods

Study design
This prospective study was performed at two centres in Amsterdam, The Netherlands [an academic referral centre, the Academic Medical Centre and a regional teaching hospital, Onze Lieve Vrouwe Gasthuis], between January, 2013 and March, 2015. Patients with a confirmed diagnosis of IBD, receiving IFX or ADA maintenance therapy, were eligible for screening. Clinical remission was assessed with the Harvey Bradshaw Index [HBI] and Simple Clinical Colitis Activity Index [SCCAI] for CD and UC, respectively, using cut-off values of < 5 points for both scores. 26, 27 Biochemical remission was defined as faecal calprotectin concentrations < 250 μg/g and C-reactive protein [CRP] 36 Patients were asked to rate fatigue and arthralgia using 100-mm visual analogue scores [VAS] . VAS scales are frequently used in HRQL analyses as a reliable instrument to measure pain and have been validated in several studies. 37 Patients were presented a line scale indicating 'no fatigue' and 'no arthralgia' [far left] to 'extreme fatigue' and 'extreme arthralgia' [far right]. The indicated value on this continuum led to a number between 0 and 100 mm, with greater scores indicating greater pain/fatigue severity and intensity.
In addition, fatigue was also assessed using the FACIT-F [Functional Assessment of Chronic Illness Therapy-Fatigue] scale. This instrument consists of 13 items, each of which is scored on a 5-point Likert scale of fatigue symptoms, with lower scores reflecting more severe fatigue. 38, 39 Finally, three questions specifically focusing on dermatological side effects of anti-TNF agents were selected from European Organization for Research and Treatment of Cancer [EORTC] questionnaires. A skin score was composed consisting of questions about rash, xerosis, and pruritus. Each question could be answered from 1 [no symptoms at all] to 4 [severe symptoms], resulting in a summed score from 3-12, with higher scores indicating more severe skin lesions. This study was approved by the local ethical committee according to national Dutch legislation. All patients informed consent to participate in this study. Patients receiving IFX were investigated during their infusion clinic visit in parallel with clinical care. Patients receiving ADA were assessed during an extra hospital visit on the day before or on the day of the next ADA injection to ensure that trough concentrations were measured.
Statistical analysis and ethical considerations
Results
Patient and treatment characteristics.
A total of 252 patients were found to be eligible based on clinical disease activity and were invited to participate; 188 consented to participation and were enrolled in this study. Patient characteristics were comparable between the H1 and H2 groups, and biochemical parameters that are known to be associated with fatigue or active inflammation [eg Hb, CRP, faecal calprotectin] were not significantly different between the two study groups [ Table 1 ].
Generic and disease-related quality of life
The median IBDQ of all patients was 181 [ Table 3 A trend towards a lower physical and mental component summary scale of SF-36 was observed in the H2 group compared with patients in the H1 group [ Table 3 ]. These patients scored lower or equally at each separate aspect of the SF-36 compared with patients with lower anti-TNF TLs [ Figure 3B ]. 
Side effects
Skin score, VAS arthralgia, and fatigue or FACIT-F were not significantly different in the H1 group compared with H2 [ 
Discussion
In this study we show that IBD patients with quiescent disease receiving maintenance treatment with IFX or ADA have an impaired disease-specific quality of life in the presence of relatively higher serum concentrations of anti-TNF antibodies.
Individualised therapy based on TDM has shown to improve treatment outcomes and has important economic consequences in patients with IBD. 10, 40 In addition, TDM might also result in a reduction in side effects caused by anti-TNF agents. Minimisation of side effects of IFX and ADA maintenance treatment remains a relevant and challenging issue in the management of IBD patients. The clinical observation that patients sometimes develop fatigue, joint pain, and skin problems despite 'deep' clinical and biochemical remission prompted us to perform the current study.
Quality of life of patients in our cohort is comparable to previous studies in which IBD patients were studied receiving anti-TNF maintenance therapy and with quiescent disease. 39, 41 Differences in IBDQ were particularly found in systemic symptoms and emotional status. Furthermore, trends were observed towards lower generic quality of life in patients with higher anti-TNF serum concentrations. A change of 3-5 points in the MCS or PCS scale is generally considered to be a clinically meaningful change. Although most patients exhibit a generally high level of generic and disease-specific quality of life corresponding with inactive disease, our study suggests that dose reduction may improve quality of life in these patients.
Interestingly, during screening we found that a large proportion of [mainly CD] patients who were in clinical remission had elevated biochemical inflammatory markers. This is in line with previous findings, such as the post hoc analysis of the SONIC trial, that clinical disease activity poorly correlates with biochemical and mucosal disease activity in CD patients. 42 Although remission was not evaluated by endoscopy, we used strict cut-offs for both CRP and calprotectin levels in present study. Faecal calprotectin has previously demonstrated to serve as a reliable surrogate marker for endoscopic disease activity in both CD and UC. Available data with regard to IFX TLs and side effects are conflicting. In a study by Huang et al., median IFX TLs were significantly higher in patients who reported dermatological adverse effects, and females reported more adverse effects [skin rashes, arthralgia, neuropathy, and infusion reactions] than males. 43 In the present study, a trend was observed towards a lower quality life and more fatigue in female patients. On the other hand, Protic and colleagues did not observe a statistical significant difference in serum IFX concentrations in the group of patients with anti-TNFinduced psoriasis compared with controls. 44 In addition, in a large retrospective cohort study from Leuven, drug levels did not play a role in developing skinrelated adverse events in IBD patients treated with anti-TNF agents. 45 Other work revealed a higher number of skin lesions in patients who received anti-TNF monotherapy compared with patients who were treated with combination therapy consisting of anti-TNF agents and thiopurines. 46 Our study did not find an association with skin lesions as reported by the patients themselves. This might be explained by the fact that our cohort consisted of an unselected cohort of patients suffering from relatively few skin lesions.
A limitation of the present study is the relatively small number of patients. Hence, larger numbers of patients may be required to assess the background of fatigue, arthralgia, and skin lesions in IBD. Nonetheless, we were able to detect significant differences in quality of life in this prospectively well-documented cohort. To our knowledge, this study is one of the first to report about this challenging problem in IBD patients in association with anti-TNF TLs.
In clinical practice it remains challenging to differentiate between possible anti-TNFrelated side effects and extra-intestinal manifestations that are often seen in IBD patients. We attempted to minimise this confounder in the present study by excluding patients with active clinical or biochemical disease. Therefore, it is unlikely for them to have IBD-associated extra-intestinal manifestations. A 2-year prospective cohort study from Finland reported that paediatric IBD patients with skin reactions had a low degree of intestinal inflammation based on their faecal calprotectin levels compared with patients without skin lesions. 47 In line with this observation, a French cohort study of skin lesions in IBD patients treated with anti-TNF agents revealed that the disease was quiescent in the vast majority of patients. 18 Moreover, assessing potential side effects of high anti-TNF serum concentrations in this subset of patients in clinical remission is of particular interest, since the anti-TNF dose might be de-escalated while retaining disease control.
10 Dose reduction in these patients is also important from an economic point of view. Considering > 7 µg/ml for IFX and > 10 µg/ml for ADA as arbitrary 'supratherapeutic' cut-offs, 23% [22/95] of patients in our cohort had 'supratherapeutic' anti-TNF TLs, while being in clinical in biochemical remission. To date, the TAXIT study is the only trial in IBD patients in which anti-TNF therapy was de-escalated below a certain IFX serum concentration. 10 Patients may even benefit from treatment de-escalation to a lower 'therapeutic' threshold of 3 µg/ ml. Further trails are warranted to define the therapeutic window of anti-TNF TLs.
Skin lesions and arthralgia were reported in our study by the patients themselves, hence they were not objectified by experts such as dermatologists or rheumatologists. Therefore, it is not possible to identify the type of skin or joint complaints that are responsible for impairing the quality of life in these patients. However, considering the rising interest in patient-reported outcomes, these observations could still serve as valuable outcomes of therapy and of vital importance in affecting quality of life in these patients. As opposed to previous studies, we report an unbiased cohort comprising both IBD patients with dermatological and/or articular symptoms and patients without such symptoms [serving as controls].
Patients were asked to score their skin and joint symptoms, fatigue, and quality of life over the past 8 weeks prior to the current infusion or injection. Some patients typically experience adverse symptoms in the first days after an anti-TNF administration, possibly related to immunological response mechanisms. Other patients develop symptoms in the days before the next administration, due to [subclinical] relapsing disease activity. We did not aim to make a distinction between these two phenomena, but excluded patients with circulating and measurable antibodies to anti-TNF agents and/ or active clinical and biochemical disease activity.
The mechanisms behind an impaired quality of life in patient with high circulating anti-TNF levels remain uncertain. This cohort comprised patients receiving higher than standard maintenance anti-TNF dosing, thereby not excluding a reverse phenomenon, in which patients with decreased quality of life could have received 'unwarranted' dose escalation resulting in higher anti-TNF TLs. However subgroup analysis, with solely the patients receiving standard anti-TNF maintenance dosing, showed impaired disease-related quality of life in these patients with high anti-TNF TLs compared with patients with low TLs on standard maintenance therapy, indicating that this reverse phenomenon does not explain the impaired quality of life in these patients.
Various 'paradoxical' immunological mechanisms have been proposed, such as the deposition of immune complexes or cytokine shifts, to explain skin lesions in anti-TNF treated patients with IBD. 48 IL-36γ and IL-17C were found to be increased in CD patients with TNF antagonist-induced psoriasiform skin lesions compared with healthy controls. 49 Serum concentrations of IL-17A and IL-23 were significantly higher in CD patients who developed skin lesions under anti-TNF therapy, compared with patients without such lesions. 17 Genetic susceptibility might also contribute to anti-TNF related psoriasis-like skin lesions. A recent study showed that patients carrying the IL23R gene are more likely to develop these skin lesions. 50 The skin lesions were histologically characterised by infiltrates of IL-17A/IL-22-secreting Th17 cells, interferon [IFN]-γ-secreting Th1 lymphocytes, and IFN-α-expressing cells. All patients were successfully treated with the anti-p40-IL-12/IL-23 antibody ustekinumab. We did not aim to investigate the genetic background of these patients and this remains an interesting subject for future research.
In conclusion, higher anti-TNF TLs are associated with impaired quality of life in IBD patients who are in clinical and biochemical remission with IFX or ADA maintenance treatment. This finding may support de-escalating therapy in patients with 'supratherapeutic' anti-TNF TLs that are in clinical and biochemical remission. Future research could include a prospective evaluation with dermatological and rheumatological consultation as well as intensive blood sampling to unravel the immunological and genetic background that drive these paradoxical side effects of anti-TNF agents in patients with IBD.
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